Abstract Within the context of reduced-fat diets, the effects of incorporating a fat high in stearic acid and adding moderate amounts of dietary cholesterol were examined in 14 middle-aged and elderly women and men (range, 46 to 78 years) with low-density lipoprotein cholesterol (LDL-C) concentrations > 130 mg/dL (range, 133 to 219 mg/dL) at screening. The subjects consumed each of the five diets, which were as follows: (1) 
D
ietary cholesterol has generally been demonstrated to increase plasma cholesterol concentrations, 1 -9 although the inconsistency of the data is striking. 1013 The effects of dietary cholesterol on plasma cholesterol concentration may be modulated by the fatty acid composition or total fat content of the t i,i6-22 other mitigating factors may relate to initial plasma cholesterol levels of the subjects or the tendency for a more variable response to dietary cholesterol than normally observed with other dietary perturbations. 8^325 Hence, the actual impact of dietary cholesterol intake on plasma lipid concentrations itself is a highly controversial issue and may be dependent on the characteristics of the specific individuals studied or the background diet. This latter point is of critical importance, since dietary cholesterol intakes are currently at levels from which any change might be predicted to have a significant effect on plasma lipid levels. 55 and has subsequently been reconfirmed, 36 -38 not all dietary saturated fatty acids (SFAs) affect plasma lipid concentrations equally. Stearic acid (18:0) appears to have a neutral effect on plasma lipid concentrations, whereas palmitic (16:0), myristic (14:0), and lauric (12:0) acids are generally reported to have a hypercholesterolemic effect 3942 Translating those data into practical recommendations regarding food consumption proves difficult. Virtually all naturally occurring foods contain fat composed of a mixture of fatty acids. In light of the differential effects of the individual SFAs on plasma lipids, the issue arises of how to counsel individuals to optimize their plasma lipids. Should all sources of saturated fat be restricted regardless of the fatty acid composition of the fat or should the stearic acid content of the fat be subtracted from the total if the former makes up a high proportion of the total SFAs in a specific food? The two largest dietary sources of saturated fat in the current US diet are beef and dairy fat. 43 Each source contributes approximately equally to the total fat calories in the diet. 43 Of the two sources, on the basis of total fat there is twice as much stearic acid in beef tallow than in dairy fat. In addition, with the exception of cocoa butter, which does not contribute a large percentage of fat calories to the US diet, the major sources of saturated fat also contain cholesterol, and this sterol becomes an inevitable supplement to the diet.
Addressed in this report are issues related to the consumption of reduced-fat diets enriched in a commonly consumed source of saturated fat relatively high in stearic acid and the effects of adding modest amounts of cholesterol to the diets of middle-aged and elderly female and male subjects with elevated plasma cholesterol concentrations (low-density lipoprotein-cholesterol [LDL-C] greater than 130 mg/dL). These subjects were targeted because, according to the current recommendations, the first approach to normalizing LDL-C concentration is to reduce the total fat, saturated fat, and cholesterol contents of the diet.
Methods Subjects
Fourteen subjects (8 women and 6 men) with a mean age of 63 years (age range, 46 to 78 years) were selected because their LDL-C concentrations were greater than 130 mg/dL while consuming their usual diets. All subjects gave a medical history, underwent a physical examination, and had clinical chemistry analyses performed before enrollment in the study. The subjects had no evidence of any chronic illness, including hepatic, renal, thyroid, or cardiac dysfunction. They did not smoke and were not taking medications known to affect plasma lipid levels (lipid-lowering drugs, /3-blockers, diuretics, or hormones). By design, subjects were older than 40 years, and all women were postmenopausal. For personal reasons one female subject did not complete either of the cholesterolsupplemented phases of the study. Her data were excluded from those analyses for which complete data were not available. This protocol was approved by the Human Investigation Review Committee of New England Medical Center and Tufts University.
Experimental Design
This study comprised five 32-day phases. We previously reported that plasma lipids stabilize by week 4 of consumption of isocaloric baseline and fat-modified diets. 44 All subjects initially consumed a baseline diet with a fat composition similar to that currently consumed in the United States 43 and then consumed diets enriched in corn oil, beef tallow, beef tallow plus cholesterol, and corn oil plus cholesterol. The corn oil-enriched diet was designed to meet the NCEP (Adult Treatment Panel) Step 2 guidelines. 46 - 47 Incorporation of the beef tallow and/or cholesterol resulted in the nutrient content of the diets falling outside these guidelines. The non-oil components of the diets enriched in corn oil, beef tallow, beef tallow plus cholesterol, and com oil plus cholesterol were identical. One third of the fat in the diet was derived from natural foods making up the diet, and two thirds of the fat was derived from the designated fat. The cholesterol content of the diets was supplemented in the form of egg yolk. All food and drink were provided by the Metabolic Research Unit of the US Department of Agriculture (USDA) Human Nutrition Research Center on Aging at Tufts University for consumption on site or packaged for takeout. Subjects were required to report to our metabolic research unit at least three times per week, have their blood pressure and weight measured at each visit, and consume at least one meal on site at each visit. The subjects were encouraged to maintain their habitual level of physical activity.
Four times during the last week of each study phase, fasting blood samples (30 mL) for lipid and apolipoprotein (apo) determinations were obtained after a 14-hour fast. During the last week of each diet phase, all subjects remained in the metabolic research unit and consumed their three meals plus one snack at standardized intervals. During this day, blood samples (20 mL) were drawn 5, 8,10, and 24 hours after zero hour. Breakfast was served just after zero hour (8 AM), lunch at noon, supper at 5 PM, and a snack at 8 PM.
The baseline diet was designed to provide 15% of calories as protein, 49% carbohydrate, 36% fat (15% SFAs, 15% monounsaturated fatty acids [MUFAs] , and 6% poh/unsaturated fatty acids [PUFAs] ) and 150 mg cholesterol/1000 kcal and was used to stabilize study subjects at a defined level of fat and cholesterol intake. The subjects then consumed a diet approximating the NCEP Step 2 guidelines, which was designed to provide 15% as protein, 55% carbohydrate, 30% fat (s7% SFAs, 10% to 15% MUFAs, and up to 10% PUFAs) and less than 80 mg cholesterol/1000 kcal. Two thirds of the fat was contributed in the form of corn oil (20% of calories) and was incorporated into various food combinations. The beef tallowenriched diet was formulated by substituting beef tallow for the oil. No attempt was made to equalize the cholesterol content of the two diets to avoid breaching one of the study goals, ie, to assess the effect of substituting beef tallow for corn oil as actually consumed within the context of a reduced-fat diet. The cholesterol content of the cholesterol-enriched diets was increased by 140 mg cholesterol/1000 kcal by incorporating cooked egg yolk into the food mixtures. Triplicate preparations of each complete meal cycle (3 days) for each diet phase were analyzed by Hazleton Laboratories America, Inc, Madison, Wis. Mean caloric intake was 2679±608 kcal (range, 2000 to 4000 kcal). A portion of these data pertaining to intervening phases have been published separately, addressing different experimental questions, eg, either comparing the corn oil-enriched with other vegetable oil-enriched diets or margarine. 48 -49 Biochemical Analysis Fasting (14-hour) blood samples were collected in tubes containing EDTA (0.1%), and plasma was separated by centrifugation at 3000 rpm at 4°C. Very-low-density lipoprotein (VLDL, d< 1.006 g/mL) was isolated from plasma by ultracentrifugation at 39 000 rpm for 18 hours at 4°C. Plasma and the 1.006 g/mL infranatant fraction were assayed for total cholesterol and trigryceride with an Abbott Diagnostics ABA-200 bichromatic analyzer using enzymatic reagents. 50 High-density lipoprotein cholesterol (HDL-C) was measured in the supernatant fraction after precipitation of other lipoproteins by a dextran sulfate-magnesium procedure as previously described. 51 Non-HDL cholesterol (total cholesterol minus HDL-C) was calculated in nonfasting plasma after HDL-C precipitation. LDL-C in fasting samples was calculated by subtracting HDL-C from the 1.006 g/raL infranatant-fraction cholesterol. Lipid assays were standardized through the Lipid Standardization Program of the Centers for Disease Control and Prevention, Atlanta, Ga. Within-run and between-run coefficients of variation of these assays were less than 2% for cholesterol and 2.5% for trigh/ceride.
LDL apoB was assayed with a noncompetitive, enzymelinked assay with immunopurified polyclonal antibodies within the 1.006 g/mL infranatant fraction as previously described. 32 Plasma apoA-I was assayed in the same manner with apoA-I polyclonal antibodies. Coefficients of variation for both assays were less than 5% within runs and less than 10% between runs.
Assays were standardized with LDL containing only apoB and purified apoA-I, with the protein content determined by amino acid analysis. Lipoprotein(a) (Lp[a]) was quantitated using an enzyme-linked assay, a polyclonal antibody as the first antibody, and a monoclonal antibody that does not cross-react with plasminogen as the second antibody (Terumo Medical Corp, Elkton, Md).
Statistical Analysis
The data were analyzed using Statistical Analysis System software (SAS Institute, Cary, NC) for both the personal computer (version 6.04) and a VAX mainframe 11/780 (version 6.07). 53 ANOVA (PROC GLM) for repeated measures followed by Tukeys t test at P<.05 was used for comparison of baseline, corn oil-, and beef tallow-enriched diets, PROC GLM was also used for the paired comparisons for corn oil versus corn oil plus cholesterol and beef tallow versus beef tallow plus cholesterol. Since responses in men and woman were similar, both groups were pooled into a common group.
Results
Selected characteristics of the study subjects are shown in Table 1 . As a group they had a mean age of 63 ±12 years (range, 46 to 78 years) and a somewhat elevated mean body mass index of 27.2±4.3 kg/m 2 , characteristic of older subjects with moderately elevated plasma cholesterol concentrations. At the time of screening, their mean plasma LDL-C concentrations averaged 164 ±23 mg/dL (range, 133 to 219 mg/dL). Other lipid parameters and blood pressure at the time of screening were unremarkable. Mean blood pressure was 130/74 mm Hg and was not significantly affected by any of the dietary treatments.
The composition of the experimental diets as determined by chemical analysis is presented in Table 2 . There was relatively good agreement with the values approximated from the food composition tables except for cholesterol, which in both the baseline and cholesterol-supplemented diets was overestimated by 10% to 15%. The differences in the fatty acid composition of the diet between the com oil-and beef tallow-enriched diets appeared virtually as a one-to-one substitution of PUFAs for SFAs. Owing to the higher endogenous content of cholesterol relative to the corn oil in the beef tallow, the cholesterol contents of the beef tallowenriched diets were somewhat higher compared with the corn oil-enriched diets with approximately 25 mg/ 1000 kcal more dietary cholesterol.
Plasma cholesterol concentrations of the study subjects were significantly lower when they consumed the corn oil-enriched diet relative to either the baseline or beef tallow-enriched diet ( Table 3 ). The differences among the diets were more apparent when the individual lipoprotein fractions were considered. When compared with baseline, LDL-C concentrations were reduced by 17% and 8% during the periods when the subjects consumed the corn oil-and beef tallow-enriched diets, respectively. Consumption of both reduced-fat diets resulted in significantly lower HDL-C concentrations compared with those measured at the end of the baseline period (9% and 7% for corn oil-and beef tallow-enriched diets, respectively). The smaller magnitude of difference in plasma total cholesterol compared with LDL-C levels between the baseline and beef tallow-enriched diets was accounted for by the significantly higher VLDL-C levels during consumption of the beef tallow-enriched diet. The total cholesterol to HDL-C ratio was the lowest when the subjects consumed the corn oil-enriched diet, intermediate when they consumed the baseline diet, and highest when they consumed the beef tallow-enriched diet.
LDL apoB concentrations tended to mirror those of total cholesterol. Relative to the baseline diet, LDL apoB concentrations were 20% lower than when the subjects consumed the corn oil-enriched diet and statistically indistinguishable from the levels when they consumed the beef tallow-enriched diet. In contrast to the lower HDL-C concentrations after consumption of either reduced-fat diet, apoA-I concentrations were not significantly different when the subjects consumed the baseline or reduced-fat diets. Thus, the apoB to apoA-I ratio was lower when the subjects consumed the corn oil-enriched diet relative to either the baseline or beef tallow-enriched diet. Lp(a) concentrations were unaffected by dietary treatment.
The addition of cholesterol to the reduced-fat corn oil-enriched diet resulted in significantly higher total cholesterol (6%), LDL-C (8%), and HDL-C (7%) and lower triglyceride (-9%) concentrations (Table 4 and Fig 1) . LDL apoB concentrations were also lower when the subjects consumed the corn oil-enriched diet plus cholesterol, although the difference did not reach statistical significance (P=.O75). The addition of cholesterol to the corn oil-enriched diet did not significantly alter the concentrations of VLDL-C, apoA-I and Lp(a) or the ratios of total cholesterol to HDL-C and LDL apo-B to apoA-I. Adding modest amounts of cholesterol to the reduced-fat beef tallow-enriched diet resulted in significantly higher total cholesterol (5%) and LDL-C (11%) and lower VLDL-C (-15%) concentrations (Table 5 and Fig 1) . No significant change in HDL-C concentrations was observed despite significantly higher apoA-I levels (5%). LDL apoB concentrations were higher after the addition of cholesterol to the beef tallowenriched diets; however, the differences did not reach statistical significance (/ J =.O81). The addition of cholesterol to the beef tallow-enriched diet did not significantly alter the concentration of triglyceride and Lp(a) or the ratios of total cholesterol to HDL-C and LDL apo-B to apoA-I.
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Plasma lipid concentrations were also monitored in the nonfasting state (Fig 2) . In general, differences observed in the fasting state were maintained in the nonfasting state for all lipid and lipoprotein concentrations measured. Differential effects with respect to fasting triglycerides and VLDL-C concentrations, at- 
Discussion
Despite the large body of data demonstrating the hypercholesterolemic and atherogenic effects of dietary cholesterol in experimental animals, 5557 such effects on plasma lipids in humans still remain controversial.
115 It is also apparent that the least is known about the effects of dietary cholesterol on plasma lipids in moderately hypercholesterolemic older subjects, the group for whom dietary modification is often recommended 5A15. 18-20 Although the fatty acid composition of the diet has been demonstrated to modulate the effect of dietary cholesterol on plasma lipids, this area, too, remains unresolved.
113 - 22 In light of these issues we undertook this series of experiments to determine the effects of adding moderate amounts of dietary cholesterol to reduced-fat diets, consistent with the current dietary guidelines, enriched in either a commonly used vegetable oil, corn oil, or a commonly consumed animal fat, beef tallow. Of particular interest was the effect of beef tallow as a source of saturated fat because of its high stearic acid content and prominence as a contributor of saturated fat in the American diet.* 3 The corn oil-enriched diet was designed to meet the current NCEP Step 2 guidelines 46 -47 and to allow for a one-to-one substitution of beef tallow for corn oil, keeping the other components of the diet constant. 
TIME (hours)
The results indicated that in middle-aged and elderly subjects with elevated plasma lipids, the consumption of the beef tallow-enriched diets relative to the corn oil-enriched diets resulted in higher concentrations of plasma total cholesterol and LDL-C and a higher total cholesterol to HDL-C ratio. In addition, LDL-C and HDL-C concentrations were lower when the subjects consumed the beef tallow compared with the baseline diet, perhaps reflecting the lower myristic acid and cholesterol or total fat content of the beef tallowenriched diet. Maximal effects of dietary modification were not realized until the percentage of calories in the diet as saturated fat relative to either the baseline or beef tallow-enriched diet was decreased, an observation that has been documented by others. 58 Although it is potentially disadvantageous to advocate a dietary regimen that lowers HDL-C concentrations, it is important to note that apoA-I levels, the major apoprotein associated with HDL, were unaffected by dietary modification. Additionally within the context of the corn oil-enriched diet, the decrease observed in HDL-C concentrations may be compensatory as evidenced by a decreased total cholesterol to HDL-C ratio.
The majority of data have confirmed the original observations that increasing dietary cholesterol results in higher plasma cholesterol levels 19 and is associated with increased risk of cardiovascular heart disease. 32 Variable factors among the studies include the form of dietary cholesterol, egg yolk or crystalline; the type of diet, natural foods or formula; the amount of supplemental cholesterol within the range of common intake or above; the fat content of the diet; whether the supplemental cholesterol was added to free-Irving diets or to those provided by a metabolic kitchen; and the levels of other components in the diet that might alter the rates of cholesterol absorption such as phytosterols. An additional mitigating factor with regard to dietary cholesterol may be the tendency for responsiveness to vary over a wider range than for other dietary variables. With respect to dietary cholesterol we observed that the study subjects were sensitive to dietary cholesterol, independent of the fatty acid composition of the diet and that on a percent basis the magnitude of the increase in plasma cholesterol was similar between the corn oil-and beef tallow-enriched diets. However, on an absolute basis the increase in LDL-C was 10 mg/dL and 16 mg/dL when the subjects consumed the corn oiland beef tallow-enriched diets, respectively. The smaller effect on absolute levels may be partially attributable to the higher phytosterol content of corn oil, which has been demonstrated to interfere with cholesterol absorption.
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Of additional interest was the observation that when the subjects consumed the corn oil-enriched diet, the additional dietary cholesterol resulted in an increase in both LDL-C and HDL-C concentrations, with similar albeit less dramatic changes in the LDL apoB and apoA-I levels. In contrast, when the subjects consumed the beef tallow-enriched diets, the majority of the increase in total cholesterol was accounted for by LDL-C and was potentially more deleterious. Somewhat perplexing was the observation of an increase in apoA-I and not HDL-C after consumption of the beef tallow-enriched diet, suggesting a change in the composition of the particles. The differential effects of PUFA relative to SFA intake on HDL-C concentrations is not without precedent. 66 A potential flaw in the design of this study was that the diets were not fed in a randomized order because of technical restrictions. However, to determine the impact of this factor on the outcome variables monitored within the context of this study, two identical experimental diets were fed to the subjects, one directly after the baseline diet and another randomized within three other dietary trials. The results indicated no statistically significant effect of order in this series of experiments (unpublished data). The starting times of the individual volunteers spanned a 4-month period, which would be predicted to blunt any potential seasonal effects. However, the impact of the diets on the long-term accumulation of cholesterol in the body was not and could not be assessed with the methodology employed in this study.
The clinical studies of Keys et al 9 - 28 and Hegsted 27 suggested that consumption of stearic acid did not have the same cholesterol-raising properties as palmitic, myristic, and lauric acids. The well-controlled metabolic study of Bonanome and Grundy 3 * demonstrated that a one-to-one substitution of stearic for palmitic acid in formula diets caused significant reductions in total and LDL-C concentrations. Similar conclusions have been reported by Ahrens et al 35 and Denke and Grundy 37 when dietary fats varying in stearic acid content have been incorporated into formula diets. Kris-Etherton et al 38 have confirmed these findings by substituting fats varying in stearic acid content into whole-food diets. We have now attempted to take the next step and studied the effect of one of the major contributors of both saturated fat and stearic acid to the diet, beef tallow, in moderately hypercholesterolemic subjects, on plasma lipids. The results indicated that within the context of a reduced-fat diet and independent of the cholesterol content of the diet, the current recommendation of limiting a source of SFAs relatively high in stearic acid seems valid and prudent.
